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ABSTRACT 

A system of o p e r a t i o n a l  p r i o r i t i e s  f o r  Skylab 
exper iments  i s  proposed t o  gu ide  f l i g h t  p l a n n e r s  i n  choosing 
among schedu l ing  a l t e r n a t i v e s  commonly encountered  i n  t h e  
p r e p a r a t i o n  of  c r e w  t i m e l i n e s .  

Experiment a c t i v i t i e s  are a s s i g n e d  a q u a n t i t a t i v e  
measure of  r e l a t i v e  o p e r a t i o n a l  impor tance  o r  va lue .  A group 
of exper iment  o p e r a t i o n s  can be s e l e c t e d  from among c a n d i d a t e  
groups  f o r  a s p e c i f i c  l o c a t i o n  i n  a t i m e l i n e  by choos ing  t h e  
group w i t h  t h e  h i g h e s t  combined v a l u e  o r  by maximizing t h e  
v a l u e  o f  exper iments  t h a t  would be  accomplished i n  t h e  e v e n t  
of  an e a r l y  mis s ion  t e r m i n a t i o n .  

Ass igning  numerical  v a l u e s  of o p e r a t i o n a l  importance 
t o  exper iments  i s  a s u b j e c t i v e  p r o c e s s  t h a t  i s  p r o p e r l y  t h e  
f u n c t i o n  o f  NASA. Neve r the l e s s ,  a proposed set  of numbers i s  
g iven  t o  i l l u s t r a t e  t h e  system and t o  p rov ide  a s t a r t i n g  p o i n t  
from which changes can e a s i l y  be made. 
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MEMORANDUM FOR FILE 

1.0 Introduction 

From an operational point of view, most experiments 
in the Skylab Program consist of tasks to be performed by the 
flight crew. Carefully constructed flight plans are required 
to assure that all assigned experiments can be completed in 
an orderly manner on a nominal mission and that the maximum 
benefit will have been obtained from experiments in the event 
of an early mission termination. 

Opportunities for scheduling a given experiment are 
usually restricted by requirements peculiar to that experiment 
and by the availability of crewmen, consumables, or equipment. 
They are also restricted by numerous mission operating rules 
derived from system limitations, contingency plans, and 
managerial judgment. 

Within these constraints, however, many scheduling 
alternatives can be expected to remain. Choices among those 
alternatives might of course be left to the flight planner's 
judgment. There is, however, wide agreement within the 
Skylab Program that operational priorities should be established 
for experiments,to guide flight planners in making the types 
of decisions that at present appear arbitrary. It is 
also widely agreed that such priorities should be established 
by NASA Headquarters. 

During the past two months several priority system 
concepts have been proposed in varying degrees of detail by 
members of MLA, MLO and MLS. Each has its apparent advantages 
and disadvantages. Because the essence of a priority system 
is subjective judgment, it has been difficult to identify one 
concept as clearly superior to others. This memorandum 
presents a conceptual priority system that, if implemented, 
would enable ML to communicate its judgments on operational 
experiment priorities to the Centers in a form t i idt  wiii Le 
readily usable by flight planners. 
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2.0 The Function of Experiment Priorities 
and Alternative System Concepts 

Before any experiment priority system can be devised 
it is necessary to consider the function it will be expected 
to perform. 

The flight planner, whether working prior to or during 
an actual mission, is rarely faced with the choice of scheduling 
one entire experiment or another. Experiments typically consist 
of a series of crew tasks that can be grouped into convenient 
"schedulable activities" such as installing a piece of equipment 
in a scientific airlock or undergoing a specific physiological 
test. It is from these schedule building-blocks rather than 
from a list of experiments per se that the flight planner constructs 
a crew timeline. 
priority system is therefore to guide a flight planner in weighing 
the relative merits of scheduling one or more schedulable 
activities at a particular place in a timeline, as opposed to 
one or more other activities. 

The function of an operational experiment 

Three general types of priority systems have been 
discussed recently within ML. These will, for convenience, be 
referred to here as: (1) rank order lists, ( 2 )  exhaustive 
enumerations, and ( 3 )  relative value weightings. 

The rank order concept generally involves the listing 
of experiments or schedulable activities in such a way that 
relative operational importance can be inferred from position 
within the list. Each entry in the list is considered to have 
greater operational value than any other individual entry below 
it. The limitation of rank order lists is that experiments or 
schedulable activities can only be considered two at a time, 
whereas the flight planner often must choose among groups of 
activities. 

The exhaustive enumeration concept requires that all 
significant alternatives that may confront the flight planner 
must be identified in advance along with the appropriate decisions. 
The large number of experiments and the even larger number of 
schedulable activities in a Skylab mission render it impractical 
to enumerate all the choices that are likely to be placed before 
a flight planner in constructing a schedule. It is, however, 
reasonable to assume that the most important alternatives that 
may arise in real-time will be thought out in advance and 
appropriate decisions incorporated in the mission rules. 

A priority system based on relative value weightings 
can avoid the limitations of rank order lists and exhaustive 
enumerations. Since the concept recommended in this memorandum 
is of that type, a description of relative-value weighting is 
deferred to the next section. 
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3 .0  Proposed Opera t iona l  Experiment 
P r i o r i t y  System 

The r e l a t i v e - v a l u e  weight ing concept  d e f i n e s  a 
q u a n t i t a t i v e  measure of o p e r a t i o n a l  importance and a s s i g n s  
a p a r t i c u l a r  v a l u e  of t h a t  measure t o  each experiment  and 
schedu lab le  a c t i v i t y .  The o p e r a t i o n a l  importance of a group 
of schedu lab le  a c t i v i t i e s  i s  de f ined  a s  t h e  sum of t h e  
i n d i v i d u a l  va lues  of a l l  a c t i v i t i e s  i n  t h e  group. A group 
of experiment  o p e r a t i o n s  f o r  a s p e c i f i c  l o c a t i o n  i n  a t i m e l i n e  
i s  t o  be s e l e c t e d  from among cand ida te  groups by choosing t h e  
group wi th  t h e  h i g h e s t  combined v a l u e  or by maximizing t h e  
v a l u e  of experiments  t h a t  would have been accomplished i n  t h e  
e v e n t  of an e a r l y  miss ion  t e rmina t ion .  Cos t /bene f i t  comparisons 
among groups of schedulable  a c t i v i t i e s  can a l s o  be made wi th  
numerical  va lues  of o p e r a t i o n a l  importance d e f i n i n g  " b e n e f i t "  
and ''cost" measured i n  man-hours, e l e c t r i c a l  power r e q u i r e d ,  
o r  some o t h e r  parameter .  

There i s  obviously no a b s o l u t e  scale on which 
o p e r a t i o n a l  importance can  be  measured. F o r t u n a t e l y ,  a l l  
t h a t  i s  r e q u i r e d  i s  a measure of r e l a t i v e  va lue .  I n  a s s i g n i n g  
numerical  va lues  t o  t h e  importance of s chedu lab le  experiment  
a c t i v i t i e s  it i s  t h e r e f o r e  p o s s i b l e  t o  choose t h e  t o t a l  numerical  
v a l u e  a r b i t r a r i l y ;  f o r  t h e  purposes of t h i s  memorandum, t h e  
t o t a l  o p e r a t i o n a l  va lue  of a l l  s chedu lab le  experiment a c t i v i t i e s  
on t h e  t h r e e  Skylab I manned miss ions  i s  de f ined  a s  1 0 0 % .  

Although t h e  p a r t i t i o n i n g  of t h a t  1 0 0 %  t o t a l  among 
i n d i v i d u a l  experiment a c t i v i t i e s  i s  a p u r e l y  s u b j e c t i v e  p r o c e s s ,  
c e r t a i n  s u b t o t a l s  of those numbers should  be  reasonably 
r e l a t e d  t o  one another  t o  avoid unintended imbalance among 
experiments  and miss ions .  S u b t o t a l s  f o r  major c a t e g o r i e s  of 
experiments  on each manned mission are obvious examples. The 
major  o b j e c t i v e s  of Skylab I a r e  t o  v e r i f y  man's c a p a b i l i t i e s  
f o r  long-dura t ion  f l i g h t ,  t o  perform e x t e n s i v e  s o l a r  a s t ronomica l  
o b s e r v a t i o n s ,  and t o  observe t e r r e s t r i a l  t a r g e t s  of  s c i e n t i f i c  
o r  economic importance.  Therefore  t h e  fo l lowing  c a t e g o r i e s  of  
experiments  are used i n  t h i s  memorandum: (a )  medica l ,  (b) ATM, 
(c )  EREP,* and (d )  o t h e r s .  The l a s t  ca t egory  inc ludes  a l l  
experiments  n o t  inc luded  i n  preceding c a t e g o r i e s .  S u b t o t a l s  
f o r  a l l  experiments  on each manned m i s s i o n  w i l l  a lso be found 
u s e f u l ;  t h e s e  " f l i g h t  t o t a l s "  d e f i n e  t h e  r e l a t i v e  importance 
of t h e  s ~ - l / S L - 2 ,  SL-3, and SL-4 m i s s i o n s ,  from t h e  v iewpoin t  
of experiment  o p e r a t i o n s .  

*EREP = Ear th  Resources Experiment Package. 
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The assignment  of  i n d i v i d u a l  exper iments  t o  
p a r t i c u l a r  m i s s i o n s  i s  p r e s e n t l y  c o n t r o l l e d  by NASA Headquar te rs  
th rough t h e  Skylab Program S p e c i f i c a t i o n .  However, n o t  a l l  
exper iments  a s s i g n e d  t o  mis s ions  by t h a t  document are a p p r o p r i a t e  
f o r  c o n s i d e r a t i o n  i n  an o p e r a t i o n a l  p r i o r i t y  system des igned  
t o  gu ide  f l i g h t  p l ann ing .  P r e f l i g h t  expe r imen t s ,  p o s t - f l i g h t  
exper iments  and exper iments  t h a t  do n o t  r e q u i r e  i n - f l i g h t  
p a r t i c i p a t i o n  by t h e  c r e w  are exc luded  from c o n s i d e r a t i o n  i n  
t h i s  memorandum. 

The grouping  o f  experiment  p rocedures  i n t o  schedu lab le  
a c t i v i t i e s  i s  p r e s e n t l y  performed by t h e  NASA C e n t e r s ,  p r i m a r i l y  
by MSC. I t  i s  presumed h e r e i n  t h a t  numer ica l  v a l u e s  o f  
o p e r a t i o n a l  importance w i l l  be a s s i g n e d  t o  exper iments  on each 
m i s s i o n  by ML and t h a t  t h o s e  va lues  w i l l  b e  p a r t i t i o n e d  among 
s c h e d u l a b l e  a c t i v i t i e s  by MSC. I t  w i l l  t h e r e f o r e  be impor t an t  
f o r  ML t o  review i t s  assignments  i n  t h e  l i g h t  of  MSC's subsequent  
p a r t i t i o n i n g  t o  avo id  i n a d v e r t e n t  d i s t o r t i o n s  of  i t s  i n t e n t  a t  
t h e  l e v e l  o f  s c h e d u l a b l e  a c t i v i t i e s .  

The assignment  o f  s p e c i f i c  numer ica l  v a l u e s  t o  
exper iments  i s  p r o p e r l y  t h e  f u n c t i o n  o f  NASA. However, t o  
i l l u s t r a t e  t h e  p r i o r i t y  system under  d i s c u s s i o n  and t o  p rov ide  
a base from which changes c a n  b e  made, a proposed i n i t i a l  se t  
of numer ica l  v a l u e s  i s  shown i n  Tables  1, 2 ,  and 3 . *  I t  should  
be emphasized t h a t ,  a t  t h i s  t i m e ,  e n t r i e s  i n  t h o s e  t a b l e s  
r e p r e s e n t  t h e  w r i t e r ' s  i n d i v i d u a l  judgment and n o t  a c o o r d i n a t e d  
program p o s i t i o n .  The fo l lowing  assumptions u n d e r l i e  t h e  
numer ica l  v a l u e s  shown and i l l u s t r a t e  t h e  methodology by which 
t h e y  were s e l e c t e d :  

1. Medical experiments  r e q u i r e d  t o  e v a l u a t e  man's a b i l i t y  
t o  t o l e r a t e  a 28-day space  f l i g h t  and t o  e x t r a p o l a t e  
h i s  t o l e r a n c e  f o r  a 56-day f l i g h t  are t h e  most 
impor t an t  p a r t  o f  t h e  SL-l/SL-2 exper iments  program. 

2 .  Within each  m i s s i o n ,  a l l  ATM exper iments  are of e q u a l  
o p e r a t i o n a l  importance and a l l  EREP exper iments  are 
of  e q u a l  importance.  

*Experiments w i t h i n  a g iven  ca t egory  are  l i s t e d  i n  
descending  o r d e r  of  t h e i r  r e l a t ive  o p e r a t i o n a l  v a l u e s .  Where 
more t h a n  one exper iment  w i t h i n  a ca t egory  i s  a s s i g n e d  t h e  
same o p e r a t i o n a l  v a l u e ,  experiments  are l i s t e d  i n  an  o r d e r  
determined by exper iment  names; no p r i o r i t y  r ank ing  i s  impl i ed  
among experiments  having  t h e  same re la t ive  o p e r a t i o n a l  v a l u e .  
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3 .  

4 .  

5. 

6. 

ATM experiments  a s  a group are of g r e a t e r  o p e r a t i o n a l  
importance than  t h e  EREP.  The degree  of d i f f e r e n c e  
should  be cons idered  r e l a t i v e l y  l a r g e  on t h e  f i r s t  
t w o  miss ions  and r e l a t i v e l y  narrow on t h e  l a s t  m i s s i o n .  

Medical experiments  a s  a group and ATM experiments  
as a group should be of  equa l  importance on t h e  SL-3 
miss ion .  

On t h e  l a s t  mis s ion ,  t h e  AT14 experiment  group and t h e  
e a r t h  r e s o u r c e s  experiment group are each of g r e a t e r  opera- 
t i o n a l  importance than t h e  medical  experiment  group. 

The t o t a l  o p e r a t i o n a l  importance of  a l l  experiments  
on t h e  f i r s t  mission should  be cons idered  g r e a t e r  
t han  t h e  t o t a l  on t h e  second miss ion;  t h e  t o t a l  on 
t h e  second miss ion  should be  cons ide red  g r e a t e r  t han  
t h e  t o t a l  on the t h i r d  miss ion .  

I n  a d d i t i o n ,  numerical  v a l u e s  shown i n  t h e  above-mentioned t a b l e s  
w e r e  s e l e c t e d  i n  such a way t h a t  bo th  they  and t h e  s e v e r a l  
ca t egory  s u b t o t a l s  i n d i c a t e  only one s i g n i f i c a n t  f i g u r e ;  t h e  
c r i t e r i a  f o r  s e l e c t i n g  numerical  va lues  are simply n o t  p r e c i s e  
enough t o  war ran t  t h e  appearance of more than  one  s i g n i f i c a n t  
f i g u r e  a t  t h i s  w r i t i n g .  

The numbers shown i n  Tables  1, 2 and 3 a r e  a l l  
comparable w i t h  one ano the r  s i n c e  they  a l l  r e p r e s e n t  p a r t s  of 
a s i n g l e  whole; i . e . ,  t h e  t o t a l  o p e r a t i o n a l  importance of i n -  
f l i g h t  manned experiments  i n  t he  Skylab I Program. 
comparisons,  Tables  1, 2 and 3 have been combined i n t o  Table 4 *  
where experiment-category c o n t r i b u t i o n s  t o  t h e  Skylab I t o t a l  
are a lso shown. 

To f a c i l i t a t e  
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*Experiments w i t h i n  a given ca tegory  a r e  l i s t e d  i n  Table 4 
i n  an o r d e r  determined s o l e l y  by experiment names; t h a t  o r d e r  
i m p l i e s  no p r i o r i t y  ranking of any kind.  
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